The aim of the paper was to determine the factors related to the initial therapy that may contribute to death from severe necrotizing acute pancreatitis and to analyze their clinical importance as well as possible additive effects.
I NT ROD U CT I ON
Severe necrotizing acute pancreatitis is a multisystem disorder, characterized by pancreatic and/or peripancreatic tissue necrosis and widespread inflammatory response leading to single or multiple organ dysfunction which does not resolve within the first 48 hours (the so-called persistent organ failure according to revised Atlanta criteria 2012) (1) . It occurs in about 15-20 % of all cases of acute pancreatitis (AP) and is considered the most serious disease course due to high complications and death rates despite recent diagnostic and therapeutic advancements; the mortality may be particularly high if necrotic areas become infected, exceeding 50 % when infection and persistent organ failure develop during the first week of the illness (1) (2) (3) (4) .
In the light of these facts, taking also into account variable and unpredictable course of AP, current recommendations emphasize appropriate early management based on careful initial risk assessment in all patients presenting with AP on admission to hospital (1, 4) . Dealing with this issue, previous studies have identified numerous factors that are only associated with or may contribute to the development of severe disease and increased mortality rate in patients with AP. Many of them are well-documented, such as older age, obesity, idiopathic AP, important comorbidities, as well as certain clinical, laboratory and radiologic parameters of disease severity on initial evaluation (signs of systemic inflammatory response syndrome, hypotension, altered mental status, high packed cell volume, elevated creatinine and blood urea nitrogen, increased fasting blood glucose, high level of C-reactive protein, pleural effusion and/or pulmonary infiltrates, and others), while the factors relating to various treatment options (including medication choice and dose regimens) are still not clearly defined (1) . As a matter of fact, the only measures that have shown unequivocal effectiveness in reducing the risk of complications and death in patients with severe AP were early aggressive fluid replacement and early enteral nutritional support (1, 4) . On the other hand, roles of antibiotic prophylaxis and of other medication remain controversial in terms of possible beneficial or detrimental effects (1, 4) . In addition, mutual interactions of risk factors for death of severe AP were not investigated extensively, except for organ failure and infection of pancreatic necrosis (3) .
The aim of this study was to determine potentially modifiable factors that can influence mortality of patients with severe necrotizing AP (with specific focus on certain components and modalities of initial conservative treatment), and to analyze their clinical relevance as well as possible synergistic effects in a clinically meaningful manner.
MATERIALS AND METHODS

Study settings
The present study was carried out at the Clinical Center of Kragujevac, Serbia, an institution providing tertiary healthcare services to approximately two million inhabitants of Central and Western Serbia. The study population included all patients treated for acute pancreatitis in Surgical Intensive Care Unit (SICU) of the Clinical Center of Kragujevac (CCK) who had been classified to have severe disease according to the original Atlanta criteria from 1992 (5) with pancreatic necrosis confirmed by adequate imaging, during the five-year period, between January 1, 2006, and January 1, 2011. All necessary data on demographic and clinical characteristics of the patients, diagnostic tests results, and on treatments and outcomes, were obtained from the patients' files. The approval of this study was obtained from the Ethics Committee of CCK before the first patient was enrolled.
Study design
This study was retrospective and observational, and the case-control design was chosen. The patients with severe necrotizing pancreatitis (n = 110) were divided into two groups with respect to the main study outcome: the group of patients who died (cases, n = 41) and the group of patients who survived (controls, n = 69). Based on retrospective review of the patients' files, these two groups were compared in terms of differences in exposure to the observed risk factors.
The following patients were excluded from the study: those under 18 years of age, those with acute postoperative pancreatitis, pregnant women with acute pancreatitis, patients transferred from other hospitals or other wards to SICU of the Clinical Center of Kragujevac after more than 48 hours from the disease onset, as well as patients with incomplete medical records.
Study population
Along with the diagnosis of necrotizing AP verified by the findings of non-enhancement in pancreatic parenchyma after contrast administration exceeding 3 cm in size or 30 % of total gland area and/or by the heterogeneous fluid collection within the peripancreatic space containing solid material on abdominal computerized tomography (CT) scan, all included patients also met Atlanta 1992 criterion of disease severity referring to the development of organ failure (hypovolemic shock or respiratory or renal insufficiency, i.e. systolic blood pressure <90 mmHg or PaO2 <8 kPa or blood creatinine level >177 μmol/ml (2 mg/dl) after fluid replacement) during the first week of the disease. For the purpose of detection of (peri)pancreatic necrosis, a single highly experienced radiologist had retrospectively evaluated and interpreted CT scans in a blinded manner with respect to the disease outcome, taking into consideration CT examinations that had been performed after at least three days from admission to SICU. In order to define severe disease course in this study, the original 1992 Atlanta classification of AP was used since the observation covered a period before the revision of these criteria in 2012. An additional reason is that persistent organ failure, as the major indicator of disease severity according to revisited Atlanta criteria (2), could not be properly evaluated in all patients due to the lack of relevant data in their files.
Potential risk factors
In the present study, the following categorical variables related to the initial treatment in SICU were analyzed as potential predictors of death of patients with severe necrotizing AP: a) Type of intravenous solution used for fluid resuscitation; it was set as a dichotomous variable: only crystalloids vs. crystalloids plus colloids (gelatin and/or hydroxyethyl starch).
b) Use of albumin 20% solution (albumin was separated from other colloids since it is not routinely used for fluid replacement therapy, while on the other hand there are published data indicating deleterious effects of its use in critically ill patients in intensive care units); it was also set as a dichotomous variable. c) Type of nutritional support starting within the first week of admission to SICU; this variable was divided into six categories: d) Type of antibiotic used for the prevention of infection of pancreatic necrosis (the prophylactic use was defined as administration of an antibiotic immediately upon the admission to hospital); this variable had three categories:
1. Prophylaxis was not given 2. Use of carbapenems, 3. Use of 3rd generation cephalosporins or fluoroquinolones plus metronidazole e)Use of nonsteroidal anti-inflammatory drugs (NSAIDs) set as a dichotomous variable (since only parenteral diclofenac 75 mg and/or ketorolac 30 mg were used in all patients treated with NSAIDs) f)Use of opioid analgesics -set as a dichotomous variable (the tramadol was the only drug from this group used in the study).
g) Use of somatostatin analogue octreotide -set as a dichotomous variable (noting that somatostatin was not available for routine use in the Clinical Center of Kragujevac during the whole study period).
The relationship between the aforementioned therapy-related risk factors and observed outcome was adjusted for the influence of confounding variables such as patients' age and sex, and the total Multiple Organ Disfunction Score (Marshall MOD score, ranging from 0 to 24) (6) in the first 24 hours of admission to SICU as a reliable predictor of hospital mortality in seriously ill patients.
Data analysis
All observed characteristics were summarized using means and standard deviations for continuous variables or using frequencies and percentages for categorical data. The differences between compared groups in the means of continuous variables were analyzed by an independent Student's t-test or a triMann-Whitney U test (depending on actual data disbution assessed by Kolmogorov-Smirnov test for normality), while categorical variables were compared using Chi-Square test for frequencies. In all analyses, the level of statistical significance was set at alpha value of 0.05.
With the aim of determining predictors of death of severe necrotizing AP as well as their mutual interactions, crude and adjusted odds ratios (OR) with 95% confidence intervals (95% CI) were estimated using unconditional binary logistic regression analysis; clinically significant relationship was considered if OR was greater than 3 and its 95% CI did not include value of 1.
RESULTS
From the pool of 175 patients treated for severe acute pancreatitis in SICU of the Clinical Center of Kragujevac during the observational period, 110 (about 63%) fulfilled enrollment criteria for the study. Forty-one patient (37%) died from multiple organ dysfunction due to severe necrotizing AP, and 19 (54%) of them died within the first two weeks of admission to SICU. Based on the clinical, laboratory and in some cases also radiological findings (presence of gas bubbles on CT images), development of infected necrosis was suspected in 59% (24 / 41) of patients who died and in 22% (15 / 69) of survivors, which was a highly significant difference (Pearson Chi-square = 15.217, df =1, p <0.001). In addition, surgical treatment was used in 41% (17/41) of patients who died subsequently and in only four patients of 69 (6%) who survived; in the deceased group, significantly more patients underwent an operation within the first two weeks of admission to SICU (71%. vs. 29%), while among survivors the operations were undertaken only after this period (Pearson Chi-square = 15.217, df =1, p < 0.001).
Baseline characteristics of the deceased and surviving patients and differences between the groups in the exposure to potential risk factors for death from severe necrotizing AP are shown in Table 1 . The greatest differences (p < 0.001) between the groups were observed for the total MOD score, type of solutions used in fluid replacement, use of albumins, and use of tramadol. With respect to the initial use of albumin, it is important to emphasize that an average serum albumin level on admission to SICU in patients of both groups who were subsequently treated with albumin 20% solution reflected the presence of mild to moderate hypo-albuminemia (27.75 ± 7.62 g/l, mean ± SD), and at the same time there was no significant difference between the compared groups in the serum albumin concentrations: 28.10 ± 7.72 g/l (mean ± SD) in a group of deceased patients vs. 29.60 ± 7.75 g/l (mean ± SD) in a group of survivors (t = 0.886, p = 0.378).
The results of both univariate and multivariate logistic regression analysis (Cox & Snell R square 0.643, Nagelkerke R square 0.878, Hosmer-Lemeshow Chi square 2.260, df = 8, p = 0.972, the overall model accuracy of 92 %) presented in Table 2 suggest that female sex, higher MOD score within the first 24 hours of admission to SICU, use of colloid solutions in fluid resuscitation, use of albumin 20% solution, use of octreotide and avoiding oral/enteral feeding (i.e. the use of total parenteral nutrition or non-use of nutritional support) are significantly associated with the occurrence of death due to severe necrotizing AP. Although the ORs for older age and use of opioid analgesic tramadol in univariate regression models indicated significant influence on the observed outcome (see crude ORs in the Table 2 ), after adjustment these effects were lost. On the other hand, use of NSAID may had a protective role reducing the odds of death for slightly more than 40%.
The mutual interactions between factors that are expected to have additive effects on the risk of fatal outcome in patients with severe necrotizing AP were also examined by the logistic regression model. The analysis (Cox & Snell R square 0.539, Nagelkerke R square 0.736, Hosmer-Lemeshow Chi square 2.226, df = 7, p = 0.946, overall model accuracy of 89%) showed clear and strong synergistic effects only for higher MOD score within the first 24h of admission to SICU and use of colloids for the fluid replacement and use of 20% albumin, while for female sex and older age as well as for avoidance of oral/enteral feeding and use of octreotide significant synergism was evident but it did not yield the level of clinical significance, i.e. adjusted ORs were slightly greater than 1 (Table 3) .
DISCUSSION
The revised Atlanta Classification of acute pancreatitis emphasizes dynamic course of acute pancreatitis and its variable severity, which may lead to systemic complications with high mortality rate (2). High mortality rate from acute pancreatitis could be expected in the first two weeks of clinical course and as well as in the later phases of this disease (7). Severe systemic inflammatory response is mostly responsible for high mortality rate in early phase of acute pancreatitis, while pancreatic necrosis with consequent sepsis and multi-organ dysfunction syndrome are the main causes of death due to SICU -surgical intensive care unit χ 2 -Chi-square test T -independent samples t-test, U -Mann-Whitney test * -significant difference ** -highly significant difference §-3 rd generation cephalosporins plus metronidazole or fluoroquinolones plus metronidazole © -total parenteral nutrition and no nutritional support in the absence of restoring regular oral food intake were categories given the highest numerical code in the analysis £ -oral/enteral feeding vs. total parenteral nutrition and no nutritional support acute pancreatitis in its late phase (7) . Modifying factors which can predict mortality in patients with severe acute pancreatitis are crucial in the management of this disease, since their change may improve the outcomes and reduce the total costs of severe necrotizing acute pancreatitis (8) . Protective effect of nonsteroidal anti-inflammatory drugs (NSAIDs) against the death outcome that was observed in our study is in accordance with recent reports on effectiveness of these drugs in prevention of acute pancreatitis after endoscopic retrograde cholangiopancreatography (ERCP) (9) (10) (11) . It has been also observed in animal studies of acute pancreatitis that cyclooxygenase (COX) enzyme, especially isoform COX -2 plays a significant role in early phase of inflammation in acute pancreatitis (12, 13) . Phospholipase A2, the enzyme, which produces substrate for COX, is also elevated in serum of patients with acute pancreatitis, and may contribute to the development of acute and chronic complications of this disease (14, 15) through production of prostaglandins. NSAIDs inhibit the activity of both COX and PLA2, reducing their catalytic activity and decreasing production of proinflammatory prostaglandins; this effect may prevent the development of severe form of acute pancreatitis (16, 17) .
O r i g i n a l a r t i c l e
Although theoretically opioids may increase the tone of Oddi's sphincter and therefore aggravate the course of acute pancratitis, this was not confirmed in the majority of clinical trials. On the contrary, recent studies have shown that pain in patients with severe pancreatitis was successfully treated with opioids or the combination of NSAIL and opioids, without increased risk of complications or death (18) .The use of opioids in patients with severe pancreatitis decreases the need for additional analgesia. Recent clinical trials have shown that the use of opioids in patients with acute pancreatitis ** statistically and clinically significant association (OR) © -total parenteral nutrition and no nutritional support in the absence of restoring regular oral food intake were categories given the highest numerical code in the analysis does not increase the risk of complications of pancreatitis, and is without significant adverse reactions (19) . Our study confirmed the results of these clinical trials, since administration of opioids to our patients did not increase their chances to die. The Multiple Organ Dysfunction Score is a reliable instrument for measuring the level of organ dysfunction, risk of death and severity of various illnesses in intensive care units (20) . Our results have shown that higher MOD score within the first 24 hours of admission was significantly associated with the occurrence of death due to severe necrotizing AP. This is not surprising, since severe forms of acute pancreatitis involve early onset of serious complications and systemic inflammatory syndrome that increase the MOD score (21) . The MOD Score is an extremely useful clinical tool for risk stratification of patients with acute pancreatitis, which helps to physicians with deciding to undertake timely and adequate treatment, which may save lives of the patients.
The results of recent clinical trials stressed the positive role of nutritive support in recovery of patients with acute pancreatitis (22) . Our study showed that witholding oral/enteral feeding when indicated increases the chances of a patient with severe necrotizing AP to die. Adequate nutritional status is a crucial segment of supportive care in patients with severe acute pancreatitis (20) . Parenteral nutrition can lead to atrophy of intestinal mucosa and disruption of intestinal barrier in patient with severe acute pancreatitis (23) . Advantages of early introduction of enteral nutrition in patients with severe acute pancreatitis are numerous. Enteral nutrition stimulates production of antiinflammatory cytokines in intestinal mucosa, increase motility of gastrointestinal tract and inhibit opportunistic pathogens (23) . It was recently reported that enteral nutrition provides better regulation of glucose level in patient with severe acute pancreatitis (24) . Hyperglycemia in patients with severe acute pancreatitis isrelated to increased production of oxidative stress elements and cytokines. Hyperglycemia in patients with acute pancreatitis enhances the risk of infections and increase mortality rate (24, 25) . The enteral route of feeding maintain an adequate level of glucose in blood in patients with acute pancreatitis which gives them better chances for survival. Somatostatin is a peptide hormone that regulates the endocrine system and has an inhibitory effect on production of pancreatic enzymes, which his the main mechanism for the treatment of AP. The influence of somatostatin or his analogue octreotide on mortality rate of severe AP was poorly described in literature, with controversial results. One study showed that administration of somatostatin to patients with severe AP can modulate immune inflammatory response and severity of AP, but difference in mortality between groups of patients with and without somatostatin was not observed (26) . Another study suggested that somatostatin is effective, and recommended it for the treatment of acute pancreatitis (27) . On the other side, there are studies that suggest that octreotide have no importance in the treatment of severe AP (28, 29) . In our study, patients who received somatostatin or octreotide had more chances to die. Although we cannot explain this deleterious effect of somatostatin, we suggest cautious administration of this drug to patients with severe AP; Further studies are necessary to establish true effects of somatostatin on acute pancreatitis.
Intravenous fluid therapy is an important element of treatment of severe AP. Needs for fluids in severe AP are increased because of fluid sequestration and low peripheral tone of blood vessels. Some studies showed that proper choice of intravenous fluid can decrease morbidity and mortality in this patients (30, 31) .
Crystalloids are recommended fluids for therapy in patients with severe form of AP in the first place (32) . According to the literature, the patients who were treated with cristalloides (normal saline 0.9%) or with a combination of cristalloides and colloides (hydroxyethyl starch -HES) had the same death rate (33) . Recent studies showed that the use of HES in ICU in critically ill patients led to increased rate of renal-replacement therapy, but at the same time, there was no significant difference in mortality between patients who received 6% HES or saline (34) . Our patients were infused with normal saline (0.9%), Ringer lactate, and 5 % glucose as cristalloids, what are the current recommendations, but also with a combination of cristalloids and colloids (gelatine and/or hydroxyethyl starch). According to our results, mortality rate was higher in patients who were treated with the combination of cristalloids and colloids, which is opposite to results of some other studies. While one study showed that the patients who did not receive aggressive intravenous fluid therapy in the first 24 hours had greater mortality rate (35), another did not prove that aggressive fluid therapy improve the outcome of patients with AP (36); however, in some cases pancreatic necrosis was prevented by aggressive fluid resuscitation which probably led to decrease mortality in patients with severe AP (30) .
Albumin was administered to our patients in order to replace the lost volume or correct hypo-albuminaemia, but whether intravenous albumin are beneficial or deleterious for patients with severe remains a matter of controversy (37) . Some studies showed that albumin variation in early stage can be important risk factors for bad prognosis of severe AP (38) . Using albumin in the treatment of severe AP may worsen the course and outcome of the disease (39) , as it was shown in our study.
The present study has certain limitations that mainly lie in its design: due to incompleteness of retrospective data, the influence of some potentially relevant confounding variables on the observed outcome, such as existence and severity of chronic comorbidities, body mass index, etiology of acute pancreatitis, previous immunosuppressive therapy or the use of broad spectrum antibiotics before the onset of acute pancreatitis, as well as performed modalities of invasive treatment, could not be precisely assessed and therefore they were not included in the analysis; also, the cases and controls were not matched for potential confounders which would give a more accurate estimation of importance of investigated predictors of death due to severe necrotizing AP in the risk-set logistic regression model.
In conclusion, this study suggest that avoidance of albumin use in the absence of marked hypoalbuminemia and use of other colloid solutions in the initial fluid replacement could be beneficial for patients with predicted severe necrotizing acute pancreatitis in terms of reducing the risk of death, even in the cases of an increased risk according to Multiple Organ Dysfunction Score upon the admission to intensive care unit. Similar protective effects may also have an early introduction of enteral feeding, as well as the use of non-steroidal antiinflammatory drugs and avoidance of octreotide use. However, further investigations, preferably in a prospective manner, are needed to determine the possibility of generalization of these findings, with an ultimate goal to improve prognosis of patients with severe acute pancreatitis and reduce the large overall burden of this disease on health system and society in general.
